The average of life expectancy of the population and the prioritization of authorities in active and home aging has increased recently. This has led governments and private organizations to increase efforts in caring the elder and dependant segment of the population. The latest advances in technology and communications point out new ways to monitor those people with special needs at their own home, increasing their quality of life of the elderly or the dependant in a cost-affordable way. This same proposal can improve the quality of caring in retirement homes, giving support to the caring services. The purpose of this paper is to present an Ambient Assisted Living (AAL) able to identify, analyze and detect specific events in the daily life environment -mostly, at home or in a residence -defined by medical and assistant staff that can be considered as an emergency situation. It is designed to be deployed in controlled environments, where social services or medical staff are thought to be nearby. This hybrid network service is intended activate several alarms in the central services when certain situations occur in the monitored place. This tele-care proposal for certain predefined risk situations is validated through a proof of concept that takes benefit of the high performance computing capabilities of a NVIDIA Graphical Processing Unit on an embedded system named Jetson TK1 to be able to process and detect the events locally, even the situations that last in time. This platform holds the basic implementation of the acoustic event detection system, for both in-home or residence-based caring service. The system is nowadays designed to identify eight different situations along time, and set the correspondent alarm when one of the situations is detected.
Introduction
Human life expectancy is increasing in the modern society, and it will keep growing during the next century [1] . There is a strong economic reason from governments to empower both elderly and partially dependent people to live independently, or at least, with the minimum caring services required. This would minimize costs and improve elderly independent life. Acoustic smart ambient assisted living technologies (AAL) present suitable solutions to provide a minimum-intrusive emergency detection in both home and residential environments. There is a huge market for companies capable of offering privacy-preserving AAL solutions to minimize the cost of care [2] , most of them focused on monitoring the events in the home or residence.
In this paper, we present a proposal for the development of an acoustic event detection for surveillance purposes to support home and independent aging. This proposal includes the hardware solution, a low-cost GPU platform, to be used in both home and residences, and it operates with the acoustic event detection algorithms but also with the communications with a predefined central services by means of an hybrid network. This proposal is the continuation of the project named homeSound [3] , focused on programming a low-cost GPU platform [4] for the audio event detection of fifteen in-home common sounds (e.g., water, walking, glass breaking, dog barking, etc.). The GPU platform is capable of computing the feature extraction and the machine learning methods to classify the environmental sounds real-time, and send the results to the cloud to be registered via Ethernet or activate any kind of alarm.
Section 2 reviews the state of the art of ambient assisted living and the automatic acoustic event detection projects. In Section 3, the definition of the requirements of the proposal is detailed. In Section 4, the system requirements are defined throughout the definition of the building typologies to propose a network architecture, a list of platforms involved and a signal processing solution. Finally, in Section 5, a discussion of the main constraints of the problem as well as the relevant aspects of the proposed solution is conducted.
Related Work
In recent years, there has been a rapid evolution of AAL related technologies due to the gradual aging of society, aiming to provide care and support to older adults in their daily life environment or to support the surveillance in residences. This section reviews the state-of-the-art of AAL applications, including some representative platforms used to process the data at home, giving special attention to those WASN designed for this purpose.
AAL Research Projects
Several projects have been conducted within the AAL framework, which is wide and includes several technologies. We first detail a group of projects focused on allowing people to age at home, being some of them funded by the Assisted Living Joint Programme [5] . The project Aware Home [6] uses a wide variety of sensors, covering from specifically designed smart floors to more typical video and ultrasonic sensors, together with social robots to monitor and help older adults [7] . Another topic of interest of AAL projects during the last years has been behaviour or activity monitoring. In this sense, Project House [8] presents an alternative to track the house activity using sensors like cameras or microphones, which need a signal processing computation to derive behaviour conclusions. In the Gloucester Smart House project [9] , a tele-care system was designed, based on lifestyle monitoring, with the pretension of continuously gathering information about the person's activity during daily routines.
WASNs for Tele-Care
AWASN is a group of wireless microphone nodes spatially distributed over an indoor or outdoor environment. Its design has to take into account at least the scalability of the network, the delay of the acoustic signal, the synchronization of the nodes and the decision of where the computing is performed [10] . One of the applications of sound source localization is the positioning of the person living alone [11] by means of a central system that aligns and analyzes the data coming from all the sensors. Another typical application ofWASNs deployed in AAL environments is Acoustic Activity Detection (AAD) [10] . The primary purpose of AAD is to discriminate the overall acoustic events from the background noise [12] , overcoming those approaches only based on energy threshold detector. Among the AAD, Voice Activity Detection plays a significant role for AAL solutions including acoustic interfaces [10] .
Acoustic sensors at home can also be used -as in our proposal -for surveillance applications when taking care of the elderly or the disabled [13] . In [14] , an acoustic fall detection system oriented to the elderly age group living at home is described. The CIRDO project [15] was a multimodal effort to build a healthcare system to ensure the safety of seniors and people with decreasing independence at home. To that effect, CIRDO implements an audiovisual system that runs standard audio processing and video analysis tasks on a GPU. Despite the project's effort of privacy and private data, the patients are still not comfortable living with a system that processes real-time the video of the home activity
Problem Description
The objective of this work is to present a solution of acoustic event detection at home or in a retirement home environments. In order to elaborate the proposal in the appropriate way, we give details of the acoustic nature of the events to be detected and the type of housing to which coverage should be provided.
Acoustic Nature of Events
There are many acoustic events that may be likely to give an alarm in an apartment or room where an elderly or pseudo-dependent person lives. But for the implementation of this proposal four lines of action have been specified that contemplate both different types of sound (or voices) and its temporal analysis to determine if it is an event classified to give a warning.
1. Door bell or phone ring -a doorbell ringing for a long time, or a phone ringing constantly while nobody answers can be considered an important element to give an alarm. It means that there is nobody to answer at home, or that the person who is in the home is not in conditions of answering. 2. Presence of more people at home -the presence of many people at home or in a certain room is a possible risky behavior. They may have entered without consent, or it may be a situation of coercion for the elderly or pseudo-dependent inhabitant. It may also be that it is not a risk situation, but to prevent possible problems, the alarm will be raised. 3. Patient shouting -the patients' screaming are always a sign of alarm. They can come caused by not being well, by suffering some anxiety or panic attack, or by any other possible emergencysituation (fire, theft, etc). 4. Activity at home after hours -voices, television, music or any other sign of activity after hours are also cause for alarm. Being awake and active during the night can indicate disorientation or any other type of emergency at home home.
Housing for the Elderly or the Pseudo-Dependent
There are two complementary proposals for this centralized service of acoustic alarms. The first and mainly supervised is the deployment in a retirement home (see Figure 1a and Figure 2a) . In this case, the sensory will be distributed in the common zones and overall, in the private areas. The goal of the service in this type of elderly housing is to minimize the supervision of the patients by caring personnel, especially in private areas, so that they can devote most of their attention to take care of them and not to surveillance tasks. The second proposal is implemented in a private house or flat (see Figure 1b and Figure 2b ). The acoustic sensors and the processing and communication platform can be installed in any private home, in order to monitor its inhabitants from the centralized system, and set the alarm to the caring services. In this case, both the day and night zones will be taken into account for the deployment of the sensory, since the acoustic alarms predefined require surveillance in both areas.
System Proposal
The aforementioned topology of the buildings offered by this kind of service presents constraints concerning the sizing of the network, because the number of acoustic sensor deployed can be large enough to collect and process them in a couple of wireless data concentrator and a digital signal processing devices. It is worth noting that the raw acoustic data will be processed twice for different reasons: a) in the frequency domain to classify the acoustic event, and b) these events will be processed to decide whether there is an alarm; this second part of the study will face the time evolution of the labels.
Signal Processing Solution
An audio event detection algorithm consists of two different stages, as detailed in Figure 3 : the feature extraction and the classification. Feature extraction is a signal processing procedure to parametrize the key characteristics of the audio events by means of a set of representative coefficients with a lower dimensionality than the original samples [3] . When those coefficients are available, they are fed to the analysis and classification module, to obtain the identification of what type of acoustic event has occurred in the predefined universe. In this application, also the time of the day is a key issue to classify whether the event detected has to set an alarm or it is a false alarm situation. 
Network Topology
To tackle the sizing the network, we propose dividing the large amount of wireless acoustic sensors into smaller segments of network, where a single wireless data concentrator combined can solve the signal processing and the communication. Actually, there are 5 well-defined subsystems in the proposed network topology (see Figure 4a) . The subsystems features are listed hereafter.
1. The acoustic sensors in charge of sampling the raw audio at 44.1 ksps, and they send these data to the wireless concentrator. 2. The wireless data concentrator collecting all the information provided by the acoustic sensor and sending it to the GPU to be processed. It performs as a router. 3. The GPU will process the data collected from the acoustic sensor in frequency domain to classify th event. This device will be able to produce a label for every mote. Finally, the GPU send these labels to the remote server throughout the wireless concentrator. 4. The remote server carries out a time-evolution study of the predefined labels to inform to the caring service about the possible alarms. 5. Finally, the monitoring and caring service is in charge of visualizing and representing the alarms observed in the places of interest to inform the emergency services.
The hardware of the platforms involved in the AAL system presented is described in Figure 4b . The wireless acoustic sensors composed by three modules: a) an electric microphone with the amplifier MAX9814 breakout board, b) a Nucleo 32 development platform with the STM32L432KC ARM cortex-M mcontroller from ST and c) aWifi module based on the ESP8266. The output of the microphone breakout, with a cost of around 7 e, is connected to an ADC input of the Nucleo 32, with a cost of around 10 e, and the Nucleo 32 transmits the raw samples to the GPU throughout a UART port to the ESP8266, with a cost of 6 e. So, the acoustic sensor has a total cost of 23 e. The wireless concentrator can be a router; the aim of this device is to link the sensors with the GPU, and then the GPU with a remote server. The embedded system in charge of the signal processing of the data coming from the acoustic sensor of each network segment is the embedded GPU JETSON TK1 of NVIDIA [4] with a price around of 160 e. The remote server receives the information about the classification of the events sent by the GPUs and processes them to study the time evolution of the events, in order to determine whether an alarm should be set. Finally, these alarms will be sent to the monitoring and caring team. (b) Figure 4 . Network topology description of the proposed AAL system proposed and the technological proposal of the devices which integrate that system. (a) Network topology of the system and (b) subsystems that integrate that full system and the elements used in each subsystem.
Discussion
The proposal that we present in this paper combines the network structure for a hybrid system, where the service is applied both in private homes and in retirement homes, with a similar type of alarm service in the caring system.
The proposal presents two major challenges. The first one is the low-level design of the network structure, from the single acoustic sensor installed, to the database that should decide whether an alarm is activated due to an emergency or maybe discard it, because it is not necessary. One of the key tests to be performed is the data throughput real-time implementation; we have to guarantee that the signal processing and event transmission is conducted real-time.
The second is the processing of the raw acoustic signal, the frequency study for the acoustic event detection. In a retirement home or in a private home there are several sensors installed; therefore, the final result of the acoustic event detection must take into account the network acoustic sensors processing. Although this consideration makes the algorithm more complex to design and to implement, and increases the computational cost, it is a more robust detection system than the AED using a single sensor.
